Introduction
The food market is one of the fastest growing economic sectors in the world. The development of new smart devices for identifying adulteration, detecting alteration of organoleptic properties, and consistently implementing storage processes [1] [2] [3] [4] could enhance the value of food products and thereby prevent product losses. For some food products, authenticity is also very important, especially when companies that distribute them seek market exclusivity. Thus, the development of devices that could be used to identify the origins of food products would be very useful. Much work has already been carried out on the quantification of individual compounds in food samples [5, 6] using expensive and complex techniques. In addition, the use of techniques to differentiate between food products based on fingerprints of food samples has been increasing over the last ten years [1, 4, [7] [8] [9] [10] .
Array of nonspecific, low-selective, chemical sensors with an appropriate method of pattern recognition (called electronic tongue) [11] can make the analysis of foods faster and easier. An electronic tongue does not require the sample to be treated beforehand and does not destroy the sample during the analysis, as is the case with spectrometric techniques [5, 12] . In addition, its operation is based on the global selectivity concept. Therefore, it does not necessarily quantify the analytes in a sample; rather, it collects fingerprint data of the sample, such as UV-Vis spectra or voltammetric or capacitance versus frequency behaviour [13] [14] [15] [16] .
Even though the use of intelligent devices in the liquid phase is a relatively new practice, a variety of samples have been analysed [3, 10, 11, [17] [18] [19] [20] . Electronic tongues facilitate differentiation within short times, result in low costs, and have nondestructive characteristics. Therefore, they have attracted the attention of companies in the food industry, as well as researchers in the pharmaceutical and environmental sciences.
The market share of soft drink consumption was 46.8% for the nonalcoholic drinks industry in 2005 [21] , and the total market value of soft drinks reached $307.2 billion in 2004, with a market value forecast of $367.1 billion in 2009. Clearly, the soft drink market is lucrative and has the potential for high profits. Therefore, this study is aimed at International Journal of Electrochemistry developing a low-cost analytical method that can be applied in the field to discriminate the origin of these nonalcoholic drinks using voltammetric data recorded by employing only a single working electrode (platinum microelectrode) along with unsupervised pattern recognition instead of an array of sensors (electronic tongue). To the authors' knowledge, only two prior studies have focused on differentiation between carbonated soft drinks using an electronic tongue with colorimetric detection [22] and 12 different highly cross-sensitive potentiometric sensors [23] .
Experimental Section
2.1. Chemicals and Materials. Sulphuric acid was purchased from Merck (Darmstadt, Germany) and was used without further purification. Deionised water was produced using a water purification system (Direct-Q 5 Ultrapure Water Systems, Millipore, USA).
Electrodes and Instrumentation.
A µAutolab (Eco Chemie, Netherlands) with GPES 4.8 software was used to take electrochemical measurements. In experiments that were carried out using a platinum disk working electrode (d = 3 mm), a homemade Ag/AgCl (saturated KCl) electrode [24] and platinum coil counter electrode were used. Platinum microelectrodes with a diameter of 25 µm were constructed using a pipette puller machine according to a technique reported in the literature [25] . The working electrode surface was polished with alumina (0.3 µm) and then washed thoroughly with deionised water before taking electrochemical measurements.
Soft Drink Samples.
Sixteen different brands of soft drinks (Kuat, Soda Antarctica, H2OH!, Sprite 2.0, Guaraná Antarctica, Guaraná Antarctica Zero, Coca-Cola Classic, Coca-Cola Zero, Coca-Cola Plus, Pepsi Classic, Pepsi Light, Pepsi Twist, Pepsi Twist Light, Pepsi Twist 3, Schin Cola, and Classic Dillar's) purchased from different supermarkets in Santo André, Brazil, were used in this study. The measurements were performed directly on the soft drink samples without the addition of other chemicals.
Chemometrics.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were performed using Statistica 10.0 (StatSoft Inc., USA). The analyses were carried out using the current values recorded without any preprocessing of the input. A range of potentials from 0.8 to −0.8 V were recorded in triplicate for each independent sample using previously polished working electrodes.
Results and Discussion
Initially, in order to discriminate between cola soft drinks, cyclic voltammograms were recorded using a platinum working macroelectrode that had been placed directly in the untreated beverages. The voltammograms (not shown) showed that the CO 2 present in each beverage interfered with the measurements, resulting in very noisy and irreproducible voltammetric behaviour. Therefore, it was difficult to differentiate between the soft drinks. In order to avoid such problems and due to convection generated by the CO 2 bubbles being neglected at electrodes of micrometric dimensions [26] , a platinum microelectrode (d = 25 µm) was used as the working electrode to take voltammetric measurements. The voltammograms recorded directly using the beverages clearly show that the voltammetric behaviour for each brand of soft drink was different ( Figure 1 ). The main difference is related to the reduction in the region of −0.4 V versus Ag/AgCl (Figure 1 ), which is associated with the reduction of hydrogen ions [27] in different soft drinks. After verifying the possibility of extracting information on the reduction of hydrogen ions at a platinum microelectrode in order to differentiate between soft drinks, studies aimed at differentiating between samples according to the ingredient and/or type of soft drink were initiated. Initially, tests were performed with cola soft drinks comprising three different brands in their original versions: Coca-Cola, Pepsi, and Schin. For the chemometric treatments, the current values were used as inputs for the PCA. To this end, a primary matrix composed of 9 rows and 656 columns was analysed using Statistica software. Figure 2 shows the score plot for the voltammetric measurements obtained directly from the cola soft drink samples. By analysing the data presented in Figure 2 , a clear distinction can be made between the CocaCola, Pepsi, and Schin beverages using two first principal components with 85.85% of the total information collected by the platinum microelectrodes.
The discrimination that is displayed in Figure 2 can also be explained by using the voltammograms of each brand of beverage (Figure 1) . Here, small differences were observed between the soft drink profiles, especially for the signal relative to the reduction of hydrogen ions. The different values of the limiting current for proton reduction in samples could be related to the interference of various substance in the reduction process of H + , which could result in the differentiation of sample with the same pH values of each drink (Coca-Cola Classic (pH = 2.50) and Pepsi (pH = 2.47) [22] ), validate the idea that each type of soft drink has a unique fingerprint [28] . Additionally, the loading plots in Figure 2 (not shown) were analysed to determine the weights of the different parts of the voltammograms (current values measured at different potentials) in relation to the extent of their influence on the direction of the principal components considered in the differentiation process. According to this analysis, the currents obtained for the potentials −0.65 V, −0.4 V, 0.4 V, and 0.750 V facilitated the differentiation shown in Figure 2 . This supports the assumption that differentiation can be achieved based on the current for the reduction of the hydrogen ions at the potentials −0.65 V and −0.4 V. The other two potentials are discussed at a subsequent point in this article.
After confirming that it is possible to discriminate between cola soft drinks of different brands, the possibility of differentiating between different types of soft drinks of the same or different brands was evaluated. The brands and types studied were Pepsi Classic, Pepsi Light, Pepsi Light Twist, Pepsi Twist, Coca-Cola Classic, Coca-Cola Zero, and Coca-Cola Plus. A similar procedure to the one reported for the results in Figure 2 was employed. The score plot obtained is shown in Figure 3 . In this case, the voltammetric data recorded with a single platinum microelectrode with unsupervised pattern recognition was able to differentiate between the brands Coca-Cola and Pepsi, which are represented on opposite sides of the score plot. This emphasizes the possibility of differentiating between samples using the proposed method. In order to show the degree of similarity of the PCA score plots more quantitatively, HCA was performed using the data's full dimensionality of the data reported in the Figure 3 and the discrimination was consistent with the PCA results ( Figure 3) .
Once the possibility of differentiating between the cola soft drink samples was demonstrated, new samples were tested. They were Kuat, Soda Antarctica, H2OH!, Sprite 2.0, Guaraná Antarctica, Guaraná Antarctica Zero, CocaCola, Coca-Cola Zero, Pepsi, Pepsi Light, Pepsi Twist, Pepsi Twist Light, Pepsi Twist 3, Schin Cola, and Classic Dillar's. A similar procedure to the one for producing the data in Figures 2 and 3 was employed (Figure 4) . Separation of the brands was notable, and proved that our device can be used to differentiate between samples with and without cola in their formulation. Samples containing cola were opposite to those that did not contain cola, which shows that the separation was not a result of only the pH values of beverages. This result corroborates the result obtained using the device proposed by Zhang and Suslick [22] , which was based on colorimetric device. Applying an HCA model (not shown) there is only a single case of misclassification in the 45 samples analysed (one Guaraná Antarctica sample did not similar to the other 2 samples of the same soft drink), that is, a misclassification rate of 2.2%.
To understand which species were responsible for the differences between soft drinks and why the currents recorded at 0.4 V and 0.750 V were important for differentiation, new studies were performed. In particular, the studies were performed to verify whether caffeine content, which differs between cola and non-cola soft drinks, facilitates the differentiation. Caffeine interacts with the surface of the platinum electrode [29] . Hence, cyclic voltammograms were recorded in the presence and absence of caffeine ( Figure 5) . Blocking of the platinum surface by adsorbed caffeine molecules was observed ( Figure 5) . In other words, there was a reduction in the electroactive platinum area and consequent reduction in the extent of electrochemical processes that occurred with platinum in acid at 0.4 V and 0.750 V.
Considering the decrease in current values for the platinum electrochemical process as a consequence of the blocking effect of caffeine, it can be concluded that the differentiation between soft drinks was also possibly due to the adsorption of caffeine onto the electrode surface. This decrease in the area of electroactive platinum/current signal of platinum process is proportional to the amount of caffeine in the beverage. The acidity of the beverage also helps to differentiate between beverages, since the electrode is able to extract information on the reduction of hydrogen ions. This inference is in agreement with the results of a previous study [22] , pH was not the only variable responsible for the discrimination. Lastly, another method can be used in conjunction with our proposed method for quality control of soft drink production. Three voltammograms were recorded for CocaCola and Pepsi samples over four days after bottles of each soft drink had been opened. Between measurements, the bottles were closed and stored at room temperature. The current values recorded were used as input data for PCA. Figure 6 shows the score plot for the experiment performed with Coca-Cola. All triplicate measurements for each day were reasonably well clustered and separated from the other measurements taken on other days. The same behaviour was observed for the Pepsi samples (not shown). The explanation for this behaviour is that the loss of CO 2 over time resulted in different pH values for the soft drink samples. As the electrode could differentiate between the samples according to their proton content, it could be used for soft drink quality assurance.
Conclusions
A single platinum microelectrode can be used as a device to differentiate between soft drink samples of discriminate compositions and origins. The input data for the differentiation process using unsupervised pattern recognition method are current values recorded between 0.8 and −0.8 V versus Ag/AgCl using a platinum microelectrode. The different locations of the data in terms of the loading plots associated with the sensor show that the pH values and caffeine content present in the beverages are responsible for the differences between the samples. A database containing information on a large variety of soft drinks that were analysed previously suggests that our method may be useful to classify the brand type, origin, and quality of a soft drink.
